Contemporary minimally invasive treatment concepts for restorative treatment of primary caries lesions include both delayed intervention and smaller-sized preparations restricted to removal of carious tissue. The aim of this study was to investigate whether these concepts have resulted in a trend towards a more conservative choice made by dentists regarding treatment thresholds and restorative techniques. The results from previously conducted, precoded questionnaires developed by Espelid and Tveit, as well as from a recent Dutch questionnaire, were collected and analysed. A worldwide trend towards more minimally invasive strategies in the operative treatment of caries lesions could not be observed, neither for the initiation of operative treatment nor for the preparation techniques. However, in some countries, changes over time could be assessed, especially in Norway, where a reduction in the proportion of interventions is visible for both occlusal and approximal lesions, indicating that more dentists are postponing interventions until the lesions have progressed to a deeper level. From the Dutch national survey, it could be concluded that operators that intervene at an earlier stage of approximal lesioning (stage ≤4) also intervene at an earlier stage of occlusal caries (stage ≤3) (p = 0.012; OR = 2.52; 95% CI: 1.22-5.22). Generally, it can be concluded that dentists worldwide still tend to operatively intervene at a too early stage of caries, although variations exist between countries. A worldwide shift could be observed in the restorative material applied, since composite resin has almost completely replaced amalgam for restoring primary caries lesions.
Introduction
Despite the fact that the prevalence of dental caries has decreased over the past decades, it still remains one of the most prevalent diseases worldwide [Marcenes et al., 2013] . Dental caries has a great impact on the global clinical and economical burden [Kassebaum et al., 2015; Listl et al., 2015] and caries management is a main issue in oral healthcare.
Prior to the late 1970s, caries progression in dentin was considered to be a rapid and irreversible process, and the concept of arresting caries lesions was not well adopted yet [Vidnes-Kopperud et al., 2011] . In the early 1980s, studies first showed that caries was indeed a slowly progressing disease, which initiated a more preventive, nonoperative concept for its treatment [Pitts, 1983; Gröndahl et al., 1984] . Nowadays, it is commonly accepted that a low-cariogenic diet and adequate oral hygiene by brushing with fluoride-containing toothpaste can control or arrest progressive demineralization and caries lesion progression [Frencken et al., 2012] . As a result, increased emphasis is placed on the concept that caries should be managed using non-invasive preventive methods as much as possible [Vidnes-Kopperud et al., 2011; Schwendicke et al., 2016] .
However, absence or failure of preventive management will still lead to a need for operative intervention. During the last decades, a minimally invasive treatment concept for caries lesions has been introduced. This includes both delayed intervention [Meyer-Lueckel and Paris, 2016] and smaller-sized preparations restricted to removal of carious tissue only, instead of the "extensionfor-prevention" treatment concept. Moreover, the choice of restorative material for restoring caries lesions has changed too, from amalgam towards adhesive toothcoloured materials, mainly composite resin. The use of adhesive techniques made it possible to use less invasive preparation designs, restricted to removing only carious tissue; traditional retentive amalgam preparation forms were abandoned, while for proximal lesions saucershaped preparations were introduced. Tunnel restorations for proximal lesions were explored too, but they have been proven to be unsuccessful [Nicolaisen et al., 2000; Strand et al., 2000; Hörsted-Bindslev et al., 2005] .
The decision to intervene operatively in the treatment of carious lesions is based on diagnosis by visual and tactile inspection for occlusal caries, while bitewing radiography is mainly employed for the diagnosis of approximal caries [Kidd and Pitts, 1990; Lussi, 1991; Penning et al., 1992] . Based on the presence of discoloured or cavitated fissures and translucencies on radiographs, dentists decide when and how to treat a caries lesion. Espelid et al. [1985 Espelid et al. [ , 2001 developed questionnaires to investigate dental restorative treatment thresholds and strategies, which since then have been employed in several countries showing a wide variation of outcomes [Innes and Schwendicke, 2017] . There seems to be a tendency towards a more minimally invasive strategy for the treatment of primary caries lesions, but this has not been established yet. The outcomes of surveys should be compared over time -and, if possible, within countries -since tendencies might be different around the world.
The only available results regarding decision-making on the restorative treatment of primary caries lesions from the Netherlands date back to 1983, and they focused on approximal lesions only [Mileman and Espelid, 1988] . To investigate current Dutch decision-making by general practitioners on the treatment of occlusal and approximal caries lesions, the survey was repeated. The aim of this study was to investigate if there are trends towards a more conservative, minimally invasive treatment concept for primary caries as measured by treatment thresholds and the choice of restorative techniques made by dentists.
Materials and Methods

Study Population and Design
The precoded questionnaires developed by Espelid et al. [1985 Espelid et al. [ , 2001 have been used in several previous studies around the world. These questionnaires include figures or photographs of different stages of approximal [Espelid et al., 1985] and occlusal lesions [Espelid et al., 2001 ] and questions about restorative treatment criteria, preparation techniques and the use of restorative material.
Approximal caries progression was divided into 6 stages: (1) outer half of the enamel, (2) inner half of the enamel, (3) enameldentin border, (4) outer third of the dentin, (5) outer half of the dentin and (6) inner half of the dentin. Traditional black class II preparation, tunnel preparation or saucer-shaped preparation were the options for approximal preparation. Occlusal caries progression was divided into 5 stages: (1) white or discoloured enamel, (2) small cavitation clinically, (3) moderate-sized loss of tooth structure, (4) large-sized loss of tooth structure and (5) extensive loss of tooth structure. For occlusal preparations, only carious tissue removal, opening the whole fissure or another preparation of preference could be chosen.
Amalgam, glass ionomer, composite resin, compomer or another material of preference could be chosen as the approximal or occlusal restorative material. All of the included studies had the same design and were based on an identical questionnaire, which, due to translation into other languages, showed different descriptions of the stages of caries, although the figures were identical in all cases. The questionnaires were sent to general practitioners, presenting an identical outcome: the decision taken by the dentist.
To compare them through time and between different countries, the results of the current Dutch questionnaire and of all previously published articles based on these questionnaires were collected and analysed.
Dutch Survey
The questionnaire, based on the questionnaires by Espelid and Tveit [Espelid et al., 1985 [Espelid et al., , 2001 , was sent electronically to a sample of 1,050 Dutch dentists in June 2015. Based on the size of the dentist population in the Netherlands of around 8,500 dentists, a desired level of confidence of 95% and an estimated degree of dispersion of 30% require a sample size of 311. Taking into account the Laske et al. circumstance that a number of email addresses are not reachable (bouncing) and the experience that about 25-30% respond to Web surveys, 1,050 Dutch dentists were approached. The sample was drawn randomly by the Royal Dutch Dental Association (KNMT) from the national population of registered dentists aged 64 years or younger with a known address in the Netherlands. Participation was voluntary and anonymous, and no compensation was offered to the respondents. Reminders were sent after 1 week, 3 weeks and 13 weeks. Dentists who were not involved in patient treatment and respondents who did not complete the questionnaire were excluded. Information on the respondents regarding gender, years of experience (divided into groups of 1-5, 6-15, 16-30 and ≥31 years) and place of graduation was collected. The questions from the questionnaire that were included in the national survey and the international studies are shown in Appendix 1.
Statistical analyses were performed with IBM SPSS Statistics version 22.0 (Statistical Package for the Social Sciences; SPSS, Chicago, IL, USA). Descriptive statistics, analyses with χ 2 testing and logistic regression analyses were performed to characterize the respondent population and present the collected information on occlusal and approximal treatment thresholds and restorative management. The significance level was set at 5%. Logistic regression analyses were performed, with restoring lesions confined to the outer third of the dentin operatively, up to and including stage 3 in occlusal lesions and stage 4 in approximal lesions, as a dependent variable. Dentists' experience, gender, place of graduation, preparation technique and restorative material were set as independent variables. Variables with a p value ≤0.3 in the unadjusted analyses were to be entered into the adjusted logistic regression.
National and International Trends
The results of all previously published studies based on the questionnaire of Espelid and Tveit [Espelid et al., 1985 [Espelid et al., , 2001 were gathered. The following background data were extracted from the included studies: year the survey was conducted, year of publication, authors, country, target audience (general dental practitioners or teachers at university) and number of respondents. The evaluated outcomes were: preferred stage of caries intervention (stage 1-5 or 1-6 for occlusal and approximal lesions, respectively); preferred preparation technique (for occlusal lesions: only caries removal, opening the whole fissure or other; for approximal lesions: traditional class II preparation, tunnel preparation or saucer-shaped preparation); and preferred restorative material (amalgam, composite, glass ionomer, composite combined with glass ionomer or other).
To evaluate trends regarding decision-making on minimally invasive restorative treatment across countries and time, the proportion of dentists intervening at or before stage 3 (occlusal) or stage 4 (approximal), preferring limited preparation techniques (only caries removal for occlusal and saucer-shaped preparations for approximal), and preferring composite or amalgam restoration material was plotted against the year of the study.
To evaluate possible correlations between countries regarding occlusal and approximal intervention thresholds, preparation techniques and the preferred restorative material, Spearman's correlation coefficient was calculated and scatterplots were drawn.
Results
Dutch Survey
In total, 280 dentists responded after 3 reminders. The response rate was 27%. Dentists not involved in patient treatment and those who did not complete the questionnaire were excluded from the statistical analyses (n = 26). The mean age of the included dentists (n = 254) was 47.69 years (SD = 12.3); 34.3% were female and 65.7% male. The individual background characteristics of the respondents and non-respondents are shown in Appendix 2. As shown in Figure 1 , most dentists would initiate operative treatment in lesions that had progressed into the outer third of the dentin (79.9% for occlusal lesions and 60.6% for approximal lesions). None of the respondents would intervene at stage 1 or wait until stage 5 for occlusal lesions, and only 2 respondents reported waiting until stage 6 for approximal lesions. For approximal lesions, 20.5% of the dentists would intervene already in enamel lesions, and 15% would wait until progression had reached the middle third of the dentin. Operators that would intervene at an earlier stage of approximal lesions (stage ≤4) would also intervene at an earlier stage of occlusal caries (stage ≤3) (p = 0.012; OR = 2.52; 95% CI: 1.22-5.22).
For occlusal lesions, 188 dentists (74.0%) reported that they would only remove carious tissue, while 62 dentists (24.4%) reported they would use the traditional wholefissure preparation. Saucer-shaped preparation was the most preferred type (59.1%) for preparing approximal lesions, followed by traditional class II preparation (36.2%). Tunnel preparation was only rarely reported (4.7%). Composite resin was preferred by a vast majority of the respondents for both occlusal (92.5%) and approximal (96.5%) restorations. Amalgam was never reported to be the preferred material, and glass ionomer cement and other restorative materials were only rarely preferred.
The results of the regression analyses are shown in Appendices 3 and 4. None of the independent variables was found to have a significant impact (p < 0.05) on the restorative threshold for stage 3 occlusal caries lesions and stage 4 approximal caries lesions, and wide confidence intervals were seen. An adjusted analysis was therefore not performed. ORs for place of graduation could not be calculated, due to the fact that the 2 × 2 tables contain a 0. Therefore, this variable could not be used, and the p value from the χ 2 test was recorded.
International Comparison
The results of all published studies based on the questionnaire [Espelid et al., 2001 ] on occlusal caries lesion restorative treatment thresholds, preparation techniques and proposed restorative materials are shown in Table 1 . The results of all published studies based on the questionnaire [Espelid et al., 1985] on approximal caries lesion restorative treatment thresholds, preparation techniques and proposed restorative materials are shown in Table 2 . The stages of lesion depth were described differently in some studies marked with an asterisk (*). In the study from Iran [Ghasemi et al., 2008] , it was impossible to choose stage 4 in the questionnaire, and this study was therefore difficult to compare with the other studies. The studies by Kakudate et al. [2012] , Gordan et al. [2009] and Heaven et al. [2013] divided the treatment thresholds for low-and high-caries-risk patients. These studies are marked with a plus sign (+), and the results for low-risk patients were selected for this study. Figure 2 shows the correlation between the restoration threshold (stage 3) and the only-caries-removal preparation for occlusal caries lesions. This plot suggests that there is a strong tendency that when dentists are intervening at a later stage of the caries process, they are also more likely to use a minimally invasive preparation technique. However, this result is not statistically significant, as the Spearman correlation coefficient (-0.579, p = 0.062) did not achieve the significance level set for this study (5%). No association between the stage of intervention and the preparation technique was observed. Figure 3a and b shows for each study the proportion of dentists reporting a restorative intervention at or before stage 3 occlusal caries lesions and stage 4 approximal car- Results of all published studies based on the questionnaire [Espelid et al., 2001 ] on occlusal caries lesion restorative treatment thresholds, preparation techniques and proposed restorative materials Percentages in a column may not equal 100 due to rounding. Year of questionnaire: the year the questionnaire was administered. GIC, glass ionomer cement; -, not asked in the questionnaire. * Stages differently described compared to Espelid et al. [2001] . a Results based on inclusion of low-caries-risk patients. Results of all published studies based on the questionnaire [Espelid et al., 1985] Percentages in a column may not equal 100 due to rounding. Year of questionnaire: the year the questionnaire was administered. GIC, glass ionomer cement; -, not asked in the questionnaire. * Stages differently described compared to Espelid et al. [1985] . Figure 3c and d shows for each study the proportion of dentists preferring minimally invasive preparation techniques. In Norway (between 1995 and 2009) and France (between 2002 and 2012), a clear increase (from 10 to 20%) in use of the carious-tissue-removal-only method was observed for occlusal lesions. For approximal lesions, a very strong trend was observed in Norway, with the reported use of the saucer-shaped preparation increasing from 24.3% in 1995 to 68.4% in 2009. In contrast, Table 1 reveals that the standard class II preparation was still the most favoured preparation design reported for California and Kuwait even in 2013. Figure 3e and f shows the preferred restorative material reported in all studies. A linear trend line was drawn for the use of composite resin and amalgam. Across countries, a clear increase in the use of composite can be observed, with amalgam becoming almost extinct. Glass ionomer cement use (alone or in combination with composite) was only substantially reported between 1995 and 1999 in Scandinavia.
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Discussion
The present study aimed to explore a possible worldwide trend towards a more minimally invasive strategy concerning operative interventions in primary caries lesions. For this purpose, the results from questionnaires designed by Espelid and Tveit [Espelid et al., 1985 [Espelid et al., , 2001 were used. However, as the dates of the surveys vary considerably, differences in caries experience and social culture occur between countries and only for a limited number of countries two questionnaires could be compared across an interval of at least 10 years, it is difficult to draw any conclusions about worldwide trends. Within these limitations, we can clearly state that an international trend towards more minimally invasive strategies in the operative treatment of caries lesions could not be observed, neither regarding the initiation of operative treatment nor concerning preparation techniques. Figure 3a d shows a scattered landscape, mainly due to remarkable differences between countries. In the few cases in which we were able to compare results within the same country over time, some trends could be observed that will be discussed.
With the more recent insight that caries is not an infectious disease and (complete) carious tissue removal is not necessary [Ricketts et al., 2013] , the recommended moment of operative intervention is when preventive measures such as biofilm control, remineralisation strategies and sealing are no longer expected to be successful [Marinho et al., 2013; Ricketts et al., 2013; Dorri et al., 2015] . As a current guideline, cavitated lesions are considered appropriate candidates for operative intervention [Meyer-Lueckel and Paris, 2016] . This would also include approximal lesions extending beyond the outer third of the dentine as observed on bitewing radiographs, since these are most likely cavitated, even if cavitation cannot normally be clinically detected [Meyer-Lueckel and Paris, 2016] . Therefore, in terms of the present questionnaire this would mean that stage 4 occlusal caries and stage 5 approximal caries would be the closest to a "gold standard" threshold for minimally invasive operative intervention.
The results reported over the years, as shown in Figure  3a and b, suggest that there is still a gap between this scientific view on caries management and clinical practice, as the majority of dentists would intervene at stages 3 (occlusal) and 4 (proximal), although in some countries a slow shift towards later intervention can be observed. The most pronounced change was observed in Norway. In 1983, 95.6% of the Norwegian dentists would have initiated operative treatment when caries was reaching the outer third of the dentin for approximal lesions. dentists would have intervened restoratively in a stage 4 approximal caries lesion, while by 2015 this percentage decreased to 81.1%, indicating that the majority of dentists in the Netherlands still tend to intervene at a too early stage in proximal caries. As far as interventions for occlusal lesions are concerned, Norway and France both show a slight decrease in early interventions. However, French dentists seem to be more eager to intervene than dentists from the other countries studied, as both in 2002 and 2012 more than 94% of the questioned French dentists would have intervened as soon as caries had reached the dentin. The development of caries management in the USA is more difficult to assess, because the surveys there were conducted in different states and over a shorter time span (2005, 2012 and 2013) . However, in all 3 surveys more than 90% of the studied American dentists would have intervened restoratively in caries lesions confined to the outer third of the dentin. The scatter plot in Figure 2 suggests there is a tendency that when dentists are intervening at a later stage of the occlusal caries process, they are also more likely to use a minimally invasive preparation technique. However, this result was not statistically significant, and Kuwait was found as a relative outlier. These results could be related to the fact that almost all countries evaluated present a limited caries experience. Practising dentists in countries with a high caries prevalence are more used to intervening at a later stage of the caries process and have fewer possibilities for controlling progressive demineralization and caries lesion progression.
These results confirm longstanding differences in preventive orientation, with the Scandinavian countries having formed the vanguard for many decades. An explanation for the scattered landscape regarding decision-making especially between countries is difficult to give, as several factors may be responsible that have not been investigated yet. Differences in reimbursement systems, nationwide caries experience, the age of the dentist population, the presence of a dental public health service or the dentist-patient ratio may be responsible for the delayed implementation of novel developments among dentists.
It may be assumed that in the university environment of dental schools, the implementation of new evidencebased treatment is likely to precede its spread in general dental practice, and that therefore a younger population of dentists will more likely have been exposed to these changing guidelines. The Dutch dentist population is relatively old, which matches the observation that they still intervene relatively early, especially in proximal lesions. Rechmann et al. [2016] observed a trend among younger Californian dentists to intervene at a later stage when compared to their older colleagues, which supports this assumption and may also have played a role in the US results. Differences in occlusal and approximal caries management between teachers at university and general dental practitioners in France and Croatia have been found. The threshold for operative treatment among teachers is at a more advanced stage of caries lesion than among French general dental practitioners Tubert-Jeannin et al., 2004] . Also, more minimally invasive preparation techniques and the use of composite are more popular at French universities than in general dental practices. In Croatia, no differences were found regarding restoration thresholds or proposed restorative materials, but the saucer-shaped preparation was more preferred at university (36%) than in private practice (22%) [Baraba et al., 2010 [Baraba et al., , 2012 .
The response rate (27%) in the 2015 Dutch national survey was lower than that obtained with a similar questionnaire in 1983 (77%), which can be seen as a limitation to the results of the present national survey. Nevertheless, the current data provide a general demographically representative data set, as shown in Appendix 2. A statistically significant correlation regarding when to intervene in approximal and occlusal caries was shown (Figure 1 ). This indicates that practitioners who are more eager to intervene at an early stage of approximal caries are also more eager to do so in case of occlusal caries. These findings are in line with previous studies [Mejàre et al., 1999; Espelid et al., 2001; Kopperud et al., 2016] .
As far as preparation techniques are concerned, the caries-removal-only technique has generally been preferred for the past 20 years by more than half of the dentists. No overall trend can be observed, although this technical preference increased by 10.5% among dentists over a period of 14 years in Norway and by 17% among dentists over a period of 11 years in France. In Norway, the preference for a saucer-shaped preparation almost tripled to 68.4% between 1995 and 2009. From the results of the last decade, only in Norway and the Netherlands the saucer-shaped preparation design has been the most favoured technique, while overall the traditional class II preparation is still quite popular.
However, a worldwide shift in the restoration of primary caries lesions, i.e., from amalgam towards composite resin, could be observed in the present study, as illustrated in Figure 3e and f. From the data it becomes clear that composite resin has replaced amalgam as the preferred material for the restoration of primary caries lesions in the Netherlands, Norway, France and California DOI: 10.1159/000490626
Appendix 1
Questionnaire (USA), where tooth-coloured restorations were preferred by more than 90% of the dentists. These findings are in accordance with other studies [Sunnegårdh-Grönberg et al., 2009; Eklund, 2010] . On January 1, 2008, the use of amalgam was banned in Norway, and in the most recent surveys [Vidnes- Kopperud et al., 2011; Kopperud et al., 2016] it was not an option anymore. Glass ionomer cement reached some popularity as the preferred material for restoring primary caries lesions especially in Northern European countries, although its use decreased overtime. However, it is doubtful whether this shift is driven by a more minimally invasive approach of the dentists. It may well be that the WHO recommendation to decrease the use of amalgam and the increased demand of patients for aesthetically pleasing restorations are the reasons for this [FDI World Dental Federation, 2014] .
Summarising this overview of the survey results, the following conclusions can be made: Large variations in restorative decisions at which stage to intervene in proximal and occlusal primary caries exist around the world. Generally, dentists decide on operative interventions at too early a stage. In countries where changes over time could be assessed, and especially in Norway, an increasing minimally invasive attitude could be observed. Composite resin has almost completely replaced amalgam for restoring primary caries lesions.
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